Two Mycoplasma strains recovered from tissue culture environments were found to grow in complex media devoid of serum or serum fractions containing cholesterol and in a cholesterol-free synthetic medium. Neither strain was capable of synthesizing pigmented carotenoids, although these compounds are present in, and characteristic of, other sterol-nonrequiring mycoplasmas. Serological tests and an analysis of their cell protein patterns obtained by gel electrophoresis indicated that the isolates were similar to each other but distinct from other sterol-nonrequiring serotypes, Mycoplasma laidlawii and M. granularum, as well as from sterol-requiring species. The existence of Mycoplasma other than M. laidlawii and M. granularum without sterol requirements suggested the need for some taxonomic changes in this group of organisms.
Members of the Mycoplasmatales are usually grouped into those species with nutritional requirements for cholesterol and those capable of growing in the absence of this component. The latter group, until recently, consisted solely of those strains identified serologically as Mycoplasma laidlawii. All M. laidlawii strains, regardless of whether they have been recovered from saprophytic environments or animal hosts, have been observed to grow in a medium devoid of animal serum or serum fractions containing cholesterol (14, 23, 25) . They also differ from the sterol-requiring Mycoplasma in their ability to synthesize pigmented carotenoids (13, 20) .
The cultivation of M. granularum strains in a serum-free medium was recently reported (25) . Although some partial serological relationships were noted between these strains and M. laidlawii, a distinction among sterol-nonrequiring Mycoplasma could be made by some serological results and by differences in the electrophoretic patterns of their cell proteins. M. granularum strains also produced carotenoid pigments (25) .
During the study reported above (25) , two mycoplasma cultures recovered from tissue cell lines were examined, and, on the basis of growth in a medium devoid of serum, were initially thought to be M. laidlawii strains. Their serological characteristics, however, did not conform to those of M. laidlawii. This report presents further serological, physiological, and gel electrophoretic comparisons of these cultures to other sterol-requiring and -nonrequiring mycoplasmas.
MATERIALS AND METHODS Mycoplasma. The S-410 and S-743 strains were recovered from two murine leukemia tissue culture cell lines (5, 6) by Charlotte Friend. The cell cultures were grown in basal media (Eagle) with Earle's balanced salt solution, supplemented with 15% fetal calf serum. The S-410 strain was recovered from the 61st passage of one cell line, and the S-743 was recovered from the 58th passage of another line. The PG-8 and PG-9 strains of M. laidlawil and the BTS-39 strain of M. granularum were included for comparative purposes. Some experiments were conducted with a wider collection of sterol-nonrequiring strains, whose origin and history were given earlier (25) , and with two sterol-requiring strains, M. gallisepticum A5969 and M. mycoides var. capri Culture medium. Growth characteristics and colonial morphology of the new strains were examined on standard Mycoplasma media containing seven parts of Mycoplasma Broth Base (BBL), one part fresh 25% yeast extract, two parts unheated horse serum, and bacterial and fungal inhibitors (7) . A serum fraction medium was also employed in which the broth base was increased to nine parts, 1% PPLO Serum Fraction (Difco) was substituted for horse serum, and the only inhibitor consisted of 500 units of penicillin per ml. Serum-free medium was prepared by omitting the PPLO Serum Fraction in the latter preparation. This medium was employed for growth of S-410 and S-743 mycoplasma antigens utilized in both the indirect fluorescent antibody (FA) test and the preparation of specific antisera in rabbits. The STEROL-NONREQUIRING MYCOPLASMA organisms were also tested for growth in the partiallydefined medium of Razin and Cohen (14) modified by replacing the bovine serum albumin fraction V with albumin (bovine) fatty acid poor (Calbiochem, Los Angeles, Calif.) and by the addition of Tween 80 to a final concentration of 0.005%. All cultures were maintained aerobically. Trypticase Soy Broth (BBL) was also used to test for possible reversion of the sterol-nonrequiring growth to bacterial.
Assessment of osmotic fragility. The procedure described by Razin (10) was followed. Results were expressed as percentage lysis in 0.06 M NaCl, calculated according to the formula: [(OD in 0.25 M NaCl -OD in 0.6 M NaCl)/(OD in 0.25 M NaCl)] X 100.
Fermentation tests. Procedures for determining the ability of Mycoplasma strains to ferment glucose and mannose when grown in serum-free media were previously given (25) .
Ultrafiltration tests. Filterability of the S-410 and S-743 strains was estimated by serial filtration through graded cellulose ester filters by the method of Morowitz et al. (9) , with some modifications (24) .
Carotenoid biosynthesis. Tests for the production of carotenoid pigments by the S-410 and S-743 strains were performed according to the procedure of Razin and Cleverdon (13) , and as previously outlined in tests on M. laidlawii and M. granularum (25) . The amount of carotenoid pigments in cells was expressed as absorbancy at 438 nm times 1,000 per mg of cell protein. Incorporation of sodium acetate-1-14C (The Radiochemical Centre, Amersham, England) into polar and nonpolar lipids of the cells was tested according to Rottem and Razin (19) .
Cholesterol incorporation. The ability of Mycoplasma strains to incorporate cholesterol from the growth medium was tested in a manner similar to that reported by Argaman and Razin (1) . Organisms grown for 24 to 48 hr at 37 C in 250-ml volumes of a modified Edward medium (10), containing 2% PPLO Serum Fraction and 0.1 Muc of cholesterol-4-14C (The Radiochemical Centre, Amersham, England) were harvested, washed twice in 0.25 M NaCl, and total cell protein was determined according to Lowry et al. (8) . The cell lipids were extracted with chloroform and methanol, their radioactivity was assayed, and the total cholesterol was determined (1) . An analysis for cholesterol was also carried out on lipids of cells grown in modified Edward medium (10) without PPLO Serum Fraction, but with 0.1% of albumin (bovine) fatty acid poor. The cells used as inocula were washed twice in 0.25 M NaCl. Growth was carried out in 1-liter volumes of medium for 48 hr at 37 C. The organisms were harvested and washed and their lipids extracted. Analysis for cholesterol in the lipids was done by thin-layer chromatography using Silica Gel G (0.25-mm thick) chromatoplates. The developing solvent was benzene-diethyl etheracetic acid-ethyl alcohol (50:40:0.2:2, v/v). Cholesterol spots were detected with the LiebermannBurchard spray reagent (26) . The minimal amount of cholesterol detected with this reagent was 1 ,g included in a spot of 4-mm diameter.
Effect of cholesterol on growth. The organisms were grown at 37 C for 48 hr in 100-ml quantities of Edward medium (10) without PPLO Serum Fraction. The medium was supplemented with 0.1% albumin (bovine) fatty acid poor and with various amounts of cholesterol dissolved in Tween 80. Final concentration of Tween 80 in the medium was 0.01%. The inoculum for each bottle consisted of a 5-ml culture of cells grown in the serum-free medium. Organisms were harvested and washed twice in 0.25 M NaCl, and their protein content was determined according to Lowry et al. (8) .
Inhibition of growth by digitonin. The method of Razin and Schefer (in preparation) was used. Growth inhibition was tested in tubes containing 3 ml of Edward medium (10) with 3% horse serum and various concentrations of digitonin. Each tube received 0.2 ml of a 1:1,000 dilution of a 24-hr culture. Results were read after 48 hr of incubation at 37 C and expressed as the minimal concentration of digitonin inhibiting visible growth.
Polyacrylamide gel electrophoresis of cell proteins. For polyacrylamide gel electrophoresis, procedure described by Razin (12) was followed. Cell proteins were solubilized in phenol-acetic acid-water (2:1:0.5, w/v/v) and run in polyacrylamide gels containing 5 M urea and 35% acetic acid.
Serological techniques. Mycoplasma strains and antisera were compared in an indirect FA technique similar to that previously reported (25) . A direct FA test of Mycoplasma colonies grown on agar (3), previously utilized in a study on sterol-nonrequiring mycoplasmas (25) , was also included. Antisera prepared to Mycoplasma serotypes and strains listed in Table 1 were tested against S-410 and S-743 strain antigens. Complement-fixation tests among sterolnonrequiring mycoplasmas were performed with unheated antigens prepared from organisms grown in serum-free broth for 24 hr and concentrated 20-to 40-fold by centrifugation at 27,000 X g for 1 hr. We employed 8 Cholesterol could not be detected in the lipids of the other three organisms, but, as expected, much smaller quantities of lipids were available for analysis. Effect of cholesterol on growth. Tween 80, but not cholesterol, improved growth of the tissue culture isolates in the serum-free medium, indicating the lack of an adequate supply of fatty acids in this medium (Table 5 ). Cholesterol and Tween 80 had no significant effect on the growth of M. laidlawii and M. granularum in the serumfree medium.
Inhibition of growth by digitonin. Razin and Schefer (in preparation) have shown that the sensitivity of microorganisms to growth inhibition by digitonin parallels their capacity to incorporate cholesterol into their plasma membranes. Growth of the four sterol-nonrequiring strains, M. laidlawii, M. granularum, S-410, and S-743, was inhibited by 500 ,ug of digitonin per ml, whereas that of the sterol-requiring M. mycoides var. capri and M. gallisepticum was inhibited by 30 ,ug of digitonin per ml medium. These results are in accordance with the higher (Table 2) .
Serological characteristics. The tissue culture Mycoplasma strains were compared in indirect immunofluorescence tests against antisera to other established Mycoplasma serotypes and numerous unclassified mycoplasmas (Table 1) without evidence of a serological relationship. In addition, the direct fluorescence test, performed on agar colonies of S-410 and S-743 with fluorescein-tagged antisera to several Mycoplasma serotypes (Table 1) , also showed no relationship. Direct FA tests were performed on agar colonies of the sterol-nonrequiring mycoplasmas ( Table 6 ). The results of complement-fixation (CF) tests among the sterol-nonrequiring mycoplasmas (Table 7) confirmed the relatedness of the S-410 and S-743 strains and their antigenic distinction from other sterol-nonre- a All strains were grown on serum-free media. bColonies not stained. (25) . Although M. laidlawii strains do not require cholesterol for growth, they are able to incorporate it from the medium, generally in much smaller quantities than the parasitic Mycoplasma (11). The S-410 and S-743 mycoplasmas described here incorporate larger amounts of cholesterol from the growth medium than M. laidlawii, but smaller quantities than two representative parasitic Mycoplasma serotypes. However, the tissue culture isolates, like M. laidlawii and M. granularum strains, could grow in cholesterol-free media. Cholesterol could not be detected in cells grown under these conditions, indicating the inability of the organisms to synthesize it. The poor growth of the tissue-culture isolates in the serum-free Edward medium results apparently from an inadequate supply of essential fatty acids. The addition of Tween 80 corrected this deficiency. Addition of cholesterol, on the other hand, had no effect on growth, a confirmation of our thesis that these strains do not require cholesterol. Growth of M. mycoides var. capri in the same medium was markedly improved by increasing the cholesterol concentration (see Table 4 in reference 11).
Another unique aspect of the sterol-nonrequiring mycoplasmas has been their ability to synthesize carotenoid pigments in the cell membrane (13, 17, 20, 25) . The exact function of carotenoids in these mycoplasmas has not been established. Some believe they may fulfill a function analogous to that of cholesterol (20, 22) , although M. laidlawii has been grown in a medium devoid of cholesterol without evidence of carotenoid biosynthesis (15) . Carotenoids also apparently neither interfere with the cholesterol uptake in M. laidlawii (13) nor affect the osmotic fragility of the cells (16 (15) that carotenoids might not be essential for Mycoplasma growth in a sterol-free medium, contradicting the hypothesis (21) that carotenoids in sterol-nonrequiring mycoplasmas fulfill analogous functions to those of sterols in the sterolrequiring mycoplasmas.
The occurrence of other Mycoplasma without sterol requirements but serologically distinct from M. laidlawii and M. granularum provides additional support for the creation of a new genus in the Order Mycoplasmatales (4, 25) . This genus could then include all sterol-nonrequiring mycoplasmas and provide for further speciation into those strains with distinct serological characteristics, those with other unique properties of lipid metabolism, such as lack of pigmented carotenoids, and those strains possessing additional nutritional and biochemical distinctions. In this regard, we feel it inappropriate to assign a species designation to the described Mycoplasma until such time as the sterolnonrequiring mycoplasmas might be reclassified and further isolates and possible hosts of these strains identified. The S-743 culture was deposited in the American Type Culture Collection (ATCC 25176).
